Abstract. American (Sambucus canadensis L.) elderberry genotypes were evaluated at multiple locations, whereas European (S. nigra L.) elderberry genotypes were evaluated at a single location to assess genotypic differences and, for genotypes evaluated at multiple locations, to determine genotype x environment interactions (C x E). Seventeen S. Plants were evaluated for phenology (e.g., dates of budbreak, first flowering, full flowering, and first ripening), vegetative growth (e.g., number of shoots and plant height), yield components (e.g., total yield, number of cymes, cyme weight, and berry weight), and for pest incidence (e.g., eriophyid mites). For the genotypes in common to all locations, there were significant differences resulting from genotype, location, year, and the interactions for various traits. Although the trend was for Corvallis to have the highest and Mt. Vernon the lowest yield, there was no significant location effect. The significant genotype x environment interaction appeared to be primarily the result of the differential performance of 'Johns', which was generally high-yielding in Corvallis and low-yielding at both Missouri locations. The significant G x E suggests that as the Missouri institutions develop new cultivars, it will be important to test them individually at other locations and not rely on their relative performance compared with standards in Missouri. For the genotypes in common to the two Missouri sites, there was significant variation for many traits. Although there were no differences among genotypes for yield across the locations, there was a significant C x F. Although there were some small changes in performance among the sites for yield, the most dramatic changes were for 'Wyldewood I' that was the second highest yielding genotype at Mountain Grove and the second worst at Mt. Vernon. Plant growth in Oregon was 40% and 60% greater than at Mountain Grove and Mt.
The American (Sambucus canadensis) and the European (S. nigra) elderberry are closely related species in the Adoxaceae [also placed in Caprtjoliaceae and Samhucaceae (USDA, ARS, National Genetic Resources Program, 2008) ] that, although separated in the USDA-ARS National Genetic Resources Program (2008) , are sometimes combined as two subspecies of S. nigra (Bolli, 1994) . Although they have naturalized throughout much of the world, Sambucus species are predominantly native to the northern hemisphere. Their seeds are spread rapidly by birds to colonize forest edges and disturbed areas along roads and railroad lines. Although the focus of this research is on these species as fruit crops, they are popular ornamentals, particularly S. nigra, displaying a range of foliage colors as well as cut-leaf forms. The bark, roots, stems, flowers, and fruit of both species historically have been used by native people as medicine (Moerman, 1998) and this aspect of these species recently has received significant attention (Thomas et al., 2008) .
Commercial elderberry production is scattered across Denmark. Italy, Hungary, and Austria in Europe and in central Chile. Historically, Oregon was a major producer in the United States, but production has rapidly declined in the past few years. However, wild harvested fruit is sold commercially in a number of areas, particularly the midwestern United States. Although the European industry primarily relies on S. nigra genotypes and the United States on S. canadensis genotypes, commercial production practices are similar. The morphological and reproductive characteristics of these species are similar; however, S. nigra tends to be a single or few trunked large shrub/small tree, whereas S. canadensis can have many stems and can aggressively spread by underground rhizomes. The fruit chemistry of the two species is different, most notably in that the major anthocyanins of S. canadensis are acylated (Lee and Finn, 2007) . Although all processed elderberry samples that have been tested as a juice, concentrate, natural colorant, and as dietary supplements in the literature were produced from S. nigra, S. canadensis should be a better choice as a result of its acylated anthocyanins.
Most of the S. canadensis cultivars were developed decades ago either at the New York Agricultural Experiment Station or at Agriculture and Agri-Food Canada in Nova Scotia (e.g., 'Adams I', 'Adams II', 'Johns', 'York', 'Nova') ( Table 1) . Although the Danish developed the S. nigra cultivars Allesø, Korsur, Sambu, and Sampo (Kaack, 1989 (Kaack, , 1997 , the origin of 'Haschberg', the main S. nigra cultivar grown in Europe, is uncertain.
Most of the horticultural literature on American elderberry is geared toward () production practices and was published in the mid-20th century (Craig, 1978; Ritter, 1958; Ritter and McKee, 1964; Skirvin and Otterbacher, 1977; Way, 1957 Way, , 1967 Way, , 1981 . To our knowledge, other than Wabiñska et at. (2004) , who evaluated S. nigra production on two soils at the same location, no studies have been carried out to examine genotype x environment (G x E) interactions or seasonal effects or that compared the two species for horticultural characteristics. The main objective of this study was to determine the G x F interaction for yield and phenological traits for four S. canadensis genotypes ('Adams II', 'Gordon B', 'Johns', and Netzer) grown at three locations, two in Missouri and one in Oregon. Separately, each state had secondary interests. In Missouri, a replicated comparison of a large number of genotypes was important to help determine which selections of S. canadensis should be advanced in their development program. In Oregon, because it is possible to grow S. nigra, the primary commercial European species, it was of interest to see how cultivars of S. nigra compared with those of S. canadensis.
Materials and Methods
The (Thomas and Byers, 2000) .
In Missouri, plants were 1.2 m apart within rows with 3.3 m between rows, and in Oregon, they were 1.8 in apart within rows and 3 m between rows. Although four replications were planted in Missouri, only three were planted in Oregon. All plantings were fertilized each spring with 56 kg-ha N and irrigated by drip lines (Missouri) or overhead sprinklers (Oregon) as needed. At all sites. weeds were managed with mulch, glyphosate herbicide, or hoeing, and no insecticides or fungicides were used.
The plants were evaluated for phenological traits, including date of first flowering. date of full flowering (greater than 50 1V,, of cymes in bloom), first ripe date, and full ripe date (greater than 50% of cymes with colored fruit). Fruit was harvested as the plants reached full ripe by clipping entire cymes. Yield-related traits included total yield per plant, total number of cymes, and weight per cyme. Damage from a bacterial leaf spot [tentatively identified as P,seudoniona,s yindiflava Burkholder (Dowson)] and eriophyid mites (Eriophi'es spp.) were recorded in Missouri. The occurrence of an unidentified blossom blight that caused blossoms to turn brown before they opened was evaluated in Oregon. Fruit from this study was also used for separate fruit chemistry analysis in which Lee and Finn (2007) compared fruit from S. nigra and S. canadensis. Thomas et al. (2008) evaluated a subset of the S. canadensis genotypes in this trial for the occurrence of rutin and chlorogenic acid in the leaves, flowers, and stems.
Statistical analyses were conducted using SAS (SAS Institute Inc., 1990) . For analysis of variance (ANOVA) construction, GLM procedure was used and means were calculated using TABULATE. In all three sets of ANOVAs (Missouri and Oregon sites together; only Missouri sites; only Oregon site), factors were considered as random; therefore, random effect models were used. The significance of each factor was tested by relevant error term.
Results and Discussion
The elderberry plants remained healthy and vigorous at all three locations during this study; however, there were differences in arthropod/disease pressure, phenology, and fruit yield traits in the various groups of plants across the three locations.
The first ANOVA examined the differences across all three locations for the four S. canadensis genotypes in common in replicated trial ('Adams 11', 'Gordon B', 'Johns', and Netzer) ( Table 2 ). The ANOVA indicated that although the main factors of E and year (Y) were not statistically significant for any of the variables tested, the elderberry genotypes ('Adams II', 'Gordon B'. 'Johns', and Netzer) grown in Mountain Grove, Mt. Vernon, and Corvallis differed significantly in first and full flowering dates (Table 2) . Nctzer had later first and full flowering dates in both years when compared with the other cultivars ( Table 3) . The G x Y interaction was only significant for the date of first ripening (Table 2) . Although 'Adams II' and 'Johns' ripened earlier in 2004, 'Gordon B' and Netzer had earlier ripening dates in 2005 (Table 3) . At all three locations, 'Gordon B', 'Adams 11', and Netzer had a similar order of first ripening, full flowering, and first ripening; however, 'Johns' was different and likely is responsible for the significant G x E interaction for full flowering and first ripening dates. 'Johns' flowered earliest in Oregon but was the third of the four to flower at both Missouri sites and similarly; although it ripened early in Oregon, it was the last to ripen in Missouri (Table 3) . G x F interactions were significant or highly significant for all traits except number of harvests and cyme weight, and G x E x Y interactions were significant for all variables tested except date of full flowering (Table 2) . Although the trend was for Corvallis to have the highest and Mt. Vernon the lowest yield, there were no significant differences among locations (Table 3 ). The significant G x E interaction for yield reflects the different performance of the various cultivars at each location. At the two Missouri locations, 'Johns' typically had the lowest yield and 'Gordon B' the highest. At the Corvallis location, 'Johns' was the highest yielder in both years but had a very high yield in 2005. The lack of significant year effect was surprising because the mean number of cyrnes in 2006 was much less at both Missouri locations than in either of the previous years.
The two Missouri locations had 12 genotypes in common in replicated trial that were compared in the second ANOVA (Table 4 ). The variability resulting from E was only significant for eriophyid mite damage and berry weight with mite damage being worse at Mountain Grove and with berries being larger at Mt. Vernon (Tables 4 and 5 ).
There was a significant Y effect for dates of first flowering, full flowering, and first ripening as well as for cyme weight and mite damage (Table 4) . Although the flowering and ripening dates were fairly similar for 2004 and 2005, they were much later in 2006 (Table 5 ). The mite damage was scored lowest in 2005 and highest in 2004. Typically the scores at Mountain Grove were 0.5 lower (worse) and, although numerically small, the differences in symptoms were clearly visible (Table 5) . The interaction between Y and E was significant for all variables except date of first ripening and cyme weight indicating a differential genotypic performance over the years the data were collected for the majority of traits (Tables 4, 5, and 6).
The genotypes varied significantly for the various phenological characteristics (Table  4) . The difference between the first and last to break bud was nearly a month, with 'Adams II' the earliest and Walleye and Highway O the latest (Table 5 ). There was a 14-to 18-d difference from the first genotype to flower or ripen fruit to the last with 'Adams 11' typically the first and 'Wyldewood I' among the last to reach these stages (Table 5) . Genotypes differed for the number of harvests required to pick the crop (Table 4) . Most of the genotypes took three harvests, whereas 'Johns' more often required only two and Votra, Gordon E, 'Adams 11', and 'Gordon B' took four harvests to get the crop picked (data not shown). Surprisingly, there were no differences among genotypes for yield or number of cymes in Missouri, although there were G x E interactions for both traits (Table 4) . Although there was some shuffling in order from best to worst for yield among the genotypes at each location, the most dramatic was for 'Wyldewood I', the second highest yielding genotype at Mountain Grove and second worst at Mt. Vernon (Table 6 ). The G x Y interaction for yield is difficult to dissect because the cultivars did not change order dramatically over the years (Tables 4 and 6 Additionally, yields at Mountain Grove decreased each year, whereas they increased at Mt. Vernon. The genotypes differed for berry weight and there was a G x E interaction (Table 4) . Although most of the genotypes had berries that averaged between 0.08 and 0.10 g, 'Adams II' had berries that only averaged 0.06 g (data not shown). Although the genotypes varied among location for berry size, Netzer was among the largest in Mt. Vernon and among the smallest at Mountain Grove (Table 6) .
Plant height was measured in Corvallis only in 2005 and in each year at the other locations. In the year in common, there was a significant location effect with Oregon plants being 40% taller than those at Mountain Grove and 60% taller than those at Mt. Vernon (data not shown). The difference in height between the Oregon and the two Missouri locations is likely the result of the moderate climate in Oregon. There were no differences in plant height among genotypes in Corvallis. In Missouri, over the 3 years measured, there was no G x E, but there were differences among the genotypes and there was a significant G x Y interaction for number of shoots and plant height (Table  4 ). There was also significant variability resulting from G and resulting from E x Y for number of shoots and plant height. The mean heights among genotypes ranged from 217 to 229 cm tall, which, although statistically significant, would not appear to be horticulturally significant. However, they did produce mean ranges of 41 to 58 shoots per plant, with Gordon E producing 5.6 more shoots than the next highest genotype, Netzer. 'Adams 11' had a moderate production of shoots in 2005 and had the fewest shoots in 2006, whereas Eridu I and 'Gordon B', which were the low and moderate shoot producers in 2005, were much greater producers in 2006.
There were no significant E, G, or Y effects for damage from bacterial leaf spot, but there was significant variability resulting from interactions (Table 4) . Although the differences between mean scores for all genotypes at the two Missouri location were 1.2 and 1.6 in 2004 and 2005, respectively, they were only 0.3 in 2006 as a result of a decline in the disease symptoms in Mountain Grove in 2006. The G x E appears to be primarily the result of the differential performance of 'Wyldewood I' and Harris 4. 'Wyldewood 1' had the lowest disease mcidence at Mountain Grove and the highest in Mt. Vernon. whereas Harris 4 had severe symptoms at Mountain Grove but much less intense symptoms at Mt. Vernon (Table 5) . 'Wyldewood 1' also had a similar yield response over locations; whether weak plants were more susceptible to disease that in turn led to low yield or whether the disease weakened the plants leading to low yield at Mt. Vernon is impossible to discern.
Although the number of cymes per plant was greater in 2005 than 2004, the weight per cyme decreased the second year, and therefore the overall yield was comparable across the 2 years (Table 4 ). The first harvest was earlier in 2005 than 2004. The genotypes had significant differences for the flowering-, ripening-and harvest-related traits but not for yield, number of cymes, mites, and bacterial leaf spot. Although yields were not significantly different among the genotypes, 'Adams II' had a numerically higher yield than 'Johns', which may be comparable to a previous study in the Midwest, where 'Adams II' was significantly higher-yielding than 'Johns' (Skirvin and Otterbacher, 1977) . Similar to the first analysis, the only significant G x Y interactions were for the date of budbreak and number of cymes per plant. G x E interactions were significant for yield, number of cymes per plant, damage from bacterial leaf spot, and berry weight. G x E x Y interactions were significant for all the traits tested except date of budbreak, yield, cyme weight, plant height, and berry weight. The mean values for genotypes separated by E and Y are presented in 
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The Corvallis location had additional S. canadensis genotypes as well as genotypes of the less winter-hardy S. nigra in the planting that were analyzed separately (Tables 7 and  8 ). The date of full flowering, the number of harvests, and the incidence of blossom blight did not differ significantly between years, whereas the rest of the variables tested were significantly different (Table 7) . Although the first flowering date was earlier in 2005 compared with 2004, first ripening date was ra3 d later (Table 8) . Sambucus nigra ripened 5 to 6 weeks earlier in Oregon than has been reported for similar cultivars in Denmark (Kaack. 1997) . The number of cymes and total yield were greater in the second year, although the weight of each cynic was less. The increased yield was not surprising because the plants were maturing. Ihe two species were different for flowering traits with S. nigra flowering over 3 weeks earlier than S. canadensis; however, they ripened at the same time. Although S. nigra flowered very early in Corvallis, it still flowered well after danger of frost. However, an important advantage of the shorter flower to ripening period for S. canadensis would be the decreased chance of fruit being injured by biotic or abiotic stress. The Y x species (S) interactions were not significant, whereas Y x G/S were significant for first flowering, full flowering, and the number of harvests (Table  7) . The highest-yielding cultivars were Johns, York, Golden, and Gordon B for S. canadensis and Korsør for S. nigra (Table 8) . The same genotypes also had the highest number of cynics. Cyme weight was highest in 'Maxima' and Barn, both S. canadensis, and 'Korsør' (S. nigra). The ideal genotype svould be high-y ielding and inexpensive to harvest by producing fewer very large cynics rather than many smaller cymes (Kaack, 1989; WaThiñska et al., 2004) . Unfortunately, for the genotypes in this study, by and large, as the cyme number increased, the yield increased. 'Korsor' is considered high-yielding among S. nigra cultivars grown in Denmark, although recently developed cultivars are even more productive (Kaack, 1989 (Kaack, , 1997 . 'Korsnr' was also higheryielding than 'Haschberg', the traditional industry standard in Europe. The highestyielding S. canadensis cultivars produced significantly more fruit than the highestyielding S. nigra cultivars. The only incidence of blossom blight was on Netzer in 2004 (data not shown). This "blight" may very well have been eriophyid mite damage, but we were not able to identify the causal organism. 
